Introduction
Pollution from fossil fuels and firewood can only be minimized if majority of the populace use cleaner and environmentally friendly sources of energy like solar and wind. Parabolic solar dish cooker, because of its ability to capture enough solar radiation would be suitable for this purpose. It is easy to own one, perhaps from a disposed parabolic dish of a satellite TV receiver. The parabolic solar dish cooker is generally capable of attaining higher temperatures than other solar cooking devices; in some cases, depending on the type of reflector used, it can achieve higher temperatures in excess of 1500 o C [1]. In these periods of scarcity of cooking fuel and price inflation, a parabolic solar dish cooker would be of great economic help for the family. It will not only reduce the burden of firewood searching, but also provides cleaner and healthy way of cooking food for the family. Though, solar cooking may take longer time if there are fogs, cloud or shadow, it is still the best cooking device that is needed to be considered. The most interesting thing about cooking with the sun is that your food will never get burnt no matter how long it is allowed to cook.
In Nigeria, many designs and constructions of solar parabolic dish collectors have been done [2&3] . However most of the authors used other testing procedures which may be different from the international standard procedure developed [4&5] for the evaluation of solar parabolic dish cookers. Therefore, one may not be sure if their effective cooking powers were correctly estimated under such climatic conditions. Moreover none of these evaluations have been done in Yola. Yola is located at latitude 9.23 o N and longitude 12.47 o E; it has abundance of sunshine and may be suitable for solar thermal applications like solar parabolic dish cookers. In this work, a solar parabolic dish collector cooker has been constructed and evaluated using the international standard procedures.
II.
Theory and Methods
Theory of parabolic dish solar collector
The parabolic solar collector makes use of the direct solar radiation for heating at its focus. The measure of the concentration of the radiation flux is described in terms of the optical concentration C o given by:
where solar intensity at the receiver and is the solar intensity at the collector. Concentration ratio can also be determined in terms of the aperture aerial dimension of the parabolic collector and the receiver surface area ; it is usually referred to as the geometric concentration ratio C given by:
The focal height with respect to the vertex of the solar parabolic dish collector, the height of the dish and the diameter of the dish are related by:
The constructed parabolic solar dish cooker
The solar parabolic dish collector is made from a 0.7 mm thick Aluminum sheet to reduce heat loss. Iron bars were used to create supports for the dish and the pot. A manual sun tracking mechanism made of iron bars was also incorporated to constantly adjust the cooker to the sun's direction. Thin linings of Aluminum foil paper were used as the reflector on the outer surfaces of the dish. A matt black painted cylindrical pot of diameter 0.215 m and height 0.15 m was used as the receiver/absorber (cooking utensil) for the experimental evaluation of the solar parabolic dish collector. Fig. 1 gives the schematic diagram highlighting the parameter symbols and definitions alongside the constructed parabolic solar dish collector. Table 1 gives the parameters of the constructed parabolic solar cooker and the utensil. 
Testing of the solar parabolic cooker
With the parabolic solar cooker placed under the sun, a 0.40 kg mass of cooking pot containing 0.37 kg of water was placed at the focus of the dish which already has been oriented in the direction of the sun. The temperatures at intervals of 5 minutes were measured with a thermometer until the water started boiling. The readings for this part of the experiment were recorded and used for the heating test analysis. At the time the water had started boiling, the set-ups were immediately shaded for the cooling test. As the temperature of the water contained in the cooking pot falls, a record of the temperature were taken at an interval of 4 minutes until the temperature of the water approaches that of the ambient.
The cooling and heating tests as suggested [5] were used to determine the heat loss factor and the optical efficiency factor, :
where is the time constant determined as the temperature difference ( falls to 1/e of its initial value and is the surface area of the cooking utensil. is the combined heat capacities of water and the cooking utensil which is equivalent to:
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Other test techniques as suggested [6] were also used to evaluate the parabolic solar dish collector. In these techniques, the cooking power, standardized cooking power and the overall heat loss coefficient were determined subject to the conditions that the wind speed not been greater than 2. Table 2 and their variations with the local time of the day of experiment were presented in Figure 2 (a & b) (a) (b) Figure 2 : Wind speed (a) and ambient temperature (b) variation with local time on the day of experiment The cooking power P of the parabolic solar cooker which is the rate of useful energy available during heating period is given as: (7) P at each interval is corrected to a standard irradiance of 700 Wm -2 using:
The overall heat loss coefficient is determined from the plot of against such that (9)
III.
Results and Discussion   Fig 3(a) presents the plots for the heating test of the variation of the water temperatures against the local time of the day. The graph shows how the temperature of the water increases with respect to the amount of solar insolation (Fig 3b) received by the absorber over the experimental period from the dish surface. The variation is seen not to be completely linear as water approaches it boiling point. The non-linearity of the temperature of the water can be attributed to the losses that came from interaction of the absorber with the environment.
(a) (b) Figure 3 : Graphs of water temperature (a) and global insolation (b) against local time For the heating test procedure, the heating time τ for the water temperature to inrease from the initial temperature of 60 o C to 95 o C was determined and consequently using the values presented in Table 2 , the optical efficiency factor of the collector was also evaluated from equation (7) with the heat loss factor determined from equations (5 & 6) . These values are presented in Table 3 From the results in Table 3 , an optical efficiency of 17.86% was determined for the parabolic dish collector; the low value could be that the aluminum foil were not laid smoothly on the collector surface to offer a regular reflection on to the cooking utensil hence resulted into considerable radiation loss to the environment. Other losses represented by the overall heat loss coefficient of 8.656 WK -1 m -2 from all the surfaces of the cooking utensil itself to the environment. The adjusted cooking power of 96.53 W gave the measure of the performance of the solar parabolic dish cooker. This value has shown that the cooker had offered 96.53 J of heat energy onto the water contained in the cooking utensil every second. That is, for the heating duration of 28 minutes (1680 s) between 60 o C and 95 o C the water had received about 162120 J of heat energy.
IV. Conclusion
It is possible to use solar parabolic dish collector as cooker to complement other conventional cooking devices in Yola especially between 11:00 am and 3:00 pm when the solar radiation are considered higher. The fact that solar energy is free, the low optical efficiency of the collector is immaterial as long as clean cooking is done and the good health of the users are preserved.
